Section 1: Supplementary table and figure legends: Table S1 : The real and predicted proportions of phyla per method. The log 2 odds score between the predicted and actual relative abundance for each phylum and each tool, i.e. log 2 (predicted_abundance/known_abundance). A positive log odds score means an overrepresentation, and a negative log odds score means an underrepresentation. A difference of 1 in log odds score means a twofold difference. 
Section 1: Supplementary table and figure legends: Table S1 : The real and predicted proportions of phyla per method. Table S2 : The genomes used for simulating the metagenomes. Column 1: Phylum, column 2: EMBL ID, column 3: Details on the exact strain/species used. The log 2 odds score between the predicted and actual relative abundance for each phylum and each tool, i.e. log 2 (predicted_abundance/known_abundance). A positive log odds score means an overrepresentation, and a negative log odds score means an underrepresentation. A difference of 1 in log odds score means a twofold difference. 
Section 2: Command lines
Below are listed the command lines and additional steps if applicable used for each method. For clarity, paths etc. have been removed from the commands, and generic filenames are used (e.g. Step 1: Use bowtie 1.1.0 to map reads to Genometa database "allgenomes_april_2012_v6_one_per_genus. Use settings recommended by the manual. Utilize multiple cores: b o w t i e t a l l g e n o m e s _ a p r i l _ 2 0 1 2 _ v 6 _ o n e _ p e r _ g e n u s s a m p 8 m a x i n s 5 0 0 n 3 l 4 0 e 2 0 0 b e s t f 1 F I L E 1 . F A S T A 2 F I L E 2 . F A S T A O U T P U T . S A M
Step 2: Open Genometa. Convert SAM file to BAM.
Step 3: Export CSV file with mapping information. Step 1: Map reads to the Kraken database: k r a k e n d b k r a k e n d b f a s t q i n p u t g z i p c o m p r e s s e d o u t p u t O U T P U T . k r a k e n . o u t p a i r e d F I L E 1 . F A S T Q . G Z F I L E 2 . F A S T Q . G Z
Step 2: Generate Kraken report: k r a k e n r e p o r t d b k r a k e n d b O U T P U T . k r a k e n . o u t > O U T P U T . k r a k e n . r e p o r t
Step 3: Generate mpa report: k r a k e n m p a r e p o r t d b k r a k e n d b O U T P U T . k r a k e n . o u t > O U T P U T . k r a k e n . m p a r e p o r t Section 2.3: LMAT 1.2.4
Input: Fasta file with concatenated read pairs, INPUT.FASTA
Step 1: Put run time input in your path: e x p o r t L M A T _ D I R = P A T H / r u n t i m e _ i n p u t s
Step 2: Assign taxonomic labels to each read: r u n _ r l . s h d b _ f i l e = P A T H / k M L . v 4 1 4 . 2 0 . g 1 0 . d b q u e r y _ f i l e = I N P U T .
F A S T A o d i r = P A T H / o u t p u t _ d i r t h r e a d s = 8
Step 3 Step 5: Analyze functional content of data sets using scripts and mapping files obtained from the authors: . / L M A T 2 m u l t i g e n e s u m m a r y T a b l e . p l i n F I L E . l i s t o u t F I L E . L M A T . g e n e _ a n n o t . S E E D . m e g a n Where FILE.list contains one line: ID<TAB><PATH TO .genesummary FILE>
Step 6: Analyze output using MEGAN.
Functional analysis:
The following SEED subsystems were used: Step 1: Run the MetaPhlAn Python script: p y t h o n 2 . 7 m e t a p h l a n 2 . p y Step 1: Map the two Fasta files to RefSeq using Diamond. The mapper does not use paired information: d i a m o n d b l a s t x d b r e f s e q _ 6 6 q u e r y F I L E 1 . f a s t a s a m F I L E 1 . s a m " t h r e a d s 2 0 d i a m o n d b l a s t x d b r e f s e q _ 6 6 q u e r y F I L E 2 . f a s t a s a m F I L E 2 . s a m " t h r e a d s 2 0
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Nitrogen fixation Pathogens
Step 2: Analyze SAM files using MEGAN. Files with MEGAN commands were used to run from the command line, and a file mapping RefSeq to tax ID was provided by the MEGAN authors: l o a d t a x G I F i l e = ' / d a t a / b i n / m e g a n / g i _ t a x i d _ p r o t . b i n ' ; l o a d k e g g G I F i l e = ' / d a t a / b i n / m e g a n / g i _ t a x i d _ p r o t . b i n ' ; l o a d s e e d G I F i l e = ' / d a t a / b i n / m e g a n / g i _ t a x i d _ p r o t . b i n ' ; i m p o r t b l a s t F i l e = ' F I L E 1 . s a m ' , ' F I L E 2 . s a m ' m e g a n F i l e = ' F I L E . r m a ' m a x M a t c h e s = 2 0 0 m i n S c o r e = 3 0 . 0 m a x E x p e c t e d = 0 . 0 0 1 t o p P e r c e n t = 1 0 . 0 m i n S u p p o r t = 5 m i n C o m p l e x i t y = 1 . 0 u s e M i n i m a l C o v e r a g e H e u r i s t i c = f a l s e u s e S e e d = t r u e u s e C O G = f a l s e u s e K e g g = t r u e p a i r e d = t r u e s u f f i x 1 = ' / 1 ' s u f f i x 2 = ' / 2 ' u s e I d e n t i t y F i l t e r = f a l s e t e x t S t o r a g e P o l i c y = E m b e d b l a s t F o r m a t = S A M m a p p i n g = ' T a x o n o m y : B U I L T _ I N = t r u e , T a x o n o m y : G I _ M A P = t r u e , S E E D : G I _ M A P = t r u e , K E G G : G I _ M A P = t r u e ' ; Functional analysis: The following SEED subsystems were used. Input: Gzipped, pairedend FastQ files uploaded to the webserver. A complete metadata file was provided. Read pairs were merged if possible, with nonmerged reads retained for analysis. Pipeline options were kept as default.
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For analysis, the API was used as instructed by the authors:
Step 1: Extract taxonomic information at the phylum level p y t h o n m g a b u n d a n t t a x a . 
L E V E L . S E E D
Step 3: Extract the number of shuffled reads that mapped to something c u r l " h t t p : / / a p i . m e t a g e n o m i c s . a n l . g o v / a n n o t a t i o n / s i m i l a r i t y / < M G R A S T I D > ? i d e n t i t y = 8 0 & t y p e = o r g a n i s m & s o u r c e = R e f S e q & a u t h = < W E B K E Y > " | g r e p i R a n d o m > I D . s h u f f l e d . r e a d s Section 2.7: QIIME 1.8.0 / PICRUSt 1.0.0 Input: QIIME was not developed for the analysis of shotgun metagenomes and is not optimized for handling the fragmented rRNA reads you would expect from shotgun sequencing. It is included in this benchmark because it is a widely used tool for the analysis of targeted rRNA sequences, and we wanted to evaluate if it can be used outside its area. The input is generated by scanning Fasta files for each our metagenomes for 16S rRNA sequences and using those as input. Three sets of output were generated (using read 1 alone; using read 2 alone; and using both reads) and analyzed, but the result did not differ.
Step 1 Step 2: Use custom scripts to extract the corresponding reads and turn them into Fasta files, rRNA.FASTA.
Step 3: Use QIIME to pick OTUS in GreenGenes ver. 13.8 at the 97% identity level: p i c k _ o t u s . p y i F I L E . F A S T A s 0 . 9 7 m u c l u s t _ r e f r g r e e n g e n e s / g g _ 1 3 _ 8 _ o t u s / r e p _ s e t / 9 7 _ o t u s . f a s t a
Step 4: Pick representative sequences: p i c k _ r e p _ s e t .
p y i u c l u s t _ r e f _ p i c k e d _ o t u s / F I L E _ o t u s . t x t f F I L E . f a s t a o F I L E . R E P . F A S T A
Step 5: Assign taxonomy: a s s i g n _ t a x o n o m y . p y u c l u s t _ s i m i l a r i t y = 0 . 9 7 i F I L E . R E P . F A S T A r g r e e n g e n e s / g g _ 1 3 _ 8 _ o t u s / r e p _ s e t / 9 7 _ o t u s . f a s t a t g r e e n g e n e s / g g _ 1 3 _ 8 _ o t u s / t a x o n o m y / 9 7 _ o t u _ t a x o n o m y . t x t
Step 6: Make OTU table: m a k e _ o t u _ t a b l e .
p y i u c l u s t _ r e f _ p i c k e d _ o t u s / F I L E _ o t u s . t x t t u c l u s t _ a s s i g n e d _ t a x o n o m y / F I L E . R E P _ s e t _ t a x _ a s s i g n m e n t s . t x t o F I L E . o t u _ t a b l e . b i o m
Step 7: Summarize data: s u m m a r i z e _ t a x a . p y a L 1 , 2 , 3 , 4 , 5 , 6 , 7 i F I L E . o t u _ t a b l e . b i o m o t a x o n o m y _ s u m m a r i e s
Step 8: For functional inference, PICRUSt ver. 1.0.0 was used as follows. First, the BIOM table from step 6 was filtered to contain only reference OTUs: f i l t e r _ o t u s _ f r o m _ o t u _ t a b l e . p y i F I L E . o t u _ t a b l e . b i o m o F I L E . c l o s e d _ r e f _ o t u _ t a b l e . b i o m n e g a t e _ i d s _ t o _ e x c l u d e e g r e e n g e n e s / g g _ 1 3 _ 8 _ o t u s / r e p _ s e t / 9 7 _ o t u s . f a s t a
Step 9: The filtered BIOM table was 
t x t
For functional analysis, the following KEGG pathways are used: Step 1 Step 1: Analyze both files using BLASTN: r u n M e t a p h y l e r . p l F I L E 1 . F A S T A b l a s t n F I L E 1 . b l a s t n 1 6 r u n M e t a p h y l e r . p l F I L E 2 . F A S T A b l a s t n F I L E 1 . b l a s t n 1 6
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Step 2: Analyze both files using BLASTX: r u n M e t a p h y l e r . p l F I L E 1 . F A S T A b l a s t x F I L E 1 . b l a s t x 1 6 r u n M e t a p h y l e r . p l F I L E 2 . F A S T A b l a s t x F I L E 1 . b l a s t x 1 6
Step 3 Input: Unzipped, pairedend Fasta files, FILE1.FASTA and FILE2.FASTA, treated separately but combined in the end as instructed by the authors. Used the mapper "LAST" and the latest microbial reference database "nonredundantmicrobial_20140513".
Step 1: Analyze both files using Taxatortk: Step 3 
